The aim of this study was to determine the effect of aloe extract or 5-oxo-1,2,4-triazine on immunological and haematological indices during artificially induced stress in turkey hens. The experiment was carried out on 360 turkey hens (6 groups). The groups C and C+stress were the control groups and did not receive any additive. Birds from the groups A and A+stress were administered aloe extract at the amount of 0.70 ml/kg body weight (bw)/day. The turkey hens from the groups T and T+stress received 5-oxo-1,2,4-triazine at the amount of 30 μg/kg bw/day. The additives were administered in the birds' drinking water twice for 28 days (days 36-63 and 78-105) of the birds' life. On days 61-63 and 103-105 a stress factor (simultaneous crowding and a change in temperature and lighting) was introduced in the groups C+stress, A+stress and T+stress for 1 hour a day. The results showed that the applied stress factors caused a significant (P ≤ 0.05) decrease in the lysozyme level and % phagocytic cells, as well as a non-significant reduction in the metabolic activity of heterophils. Under the influence of stress an increase (P ≤ 0.05) in the percentage of monocytes and basophils was observed. The use of aloe preparation improved some indicators of immunity (increased, P ≤ 0.05, lysozyme and % phagocytic cells) in the turkey hens. To alleviate the negative effect of stress on immune reactions, supplementation of diets with aloe extract supplemented with resveratrol and vitamin C may be considered.
The response of the immune system to stress may vary depending on the type and intensity of stress factors and the time of exposure. Stress conditions may inhibit or stimulate the immune response, change its type, and modulate autoimmune phenomena (Zimecki and Artym 2004) . Stress factors can also modify the morphology of blood -both white blood cell and red blood cell indices (Qureshi et al. 2002) . To counteract the adverse effects of stress on the defensive reactions and morphology of the blood of birds, it is advisable to use immunostimulating and biostimulating preparations, both synthetic and natural. Among natural immunostimulants, herbal preparations prepared from the coneflower, garlic, aloe and other plants have an important role in animal feeding (Ognik et al. 2013) . The immunostimulatory properties of aloe extracts have been confirmed in studies on turkeys (Ognik and Sembratowicz 2012a) . Improvements in haematological and immunological indices in turkeys have also been demonstrated for the newly-synthesized amidrazone derivative 5-oxo-1,2,4-triazine (Ognik and Sembratowicz 2009 ). This compound exhibits anti-inflammatory, antibacterial, antiviral, and antifungal (in vitro analysis) properties (Modzelewska-Banachiewicz and Kamińska 2000) .
Taking into account the biological properties of aloe extracts and the newly synthesized amidrazone derivative 5-oxo-1,2,4-triazine, the aim of this study was to determine their effect on immunological and haematological indices during artificially induced stress in turkey hens.
Materials and Methods

Experimental design
This experiment presents a part of the results collected from a large clinical trial on the effect of aloe preparation and 5-oxo-1,2,4-triazine on blood variables of turkey hens subjected to stress.
The experiment was carried out on 360 turkey hens of the BUT-9 line, aged from 6 to 16 weeks. The birds were randomly assigned to 6 experimental groups of 60 birds (Table 1) . Each group was further subdivided into 6 replicates, each with 10 birds. The experimental procedure was approved by the Second Local Ethics Commission for Experiments with Animals in Lublin (Approval No. 11/2009 ). During the experimental period, birds from all groups had access to drinking water and were fed ad libitum with complete feed mixtures balanced according to the nutrient requirements for poultry (NRP 2005) .
Groups C and C+stress were control groups that did not receive any additive. Birds from groups A and A+stress were administered aloe extract (Aloes Plus, Herbapol Lublin, Poland) with trans-resveratrol and vitamin C added at the amount of 0.70 ml/kg body weight (bw)/day. The applied dosage was chosen on the basis of previous studies (Ognik and Czech 2010; Ognik and Sembratowicz 2012) . Its main active compounds were resveratrol (486.3 mg/l) and vitamin C (35.12 mg/l). The turkey hens from groups T and T(+)stress received the amidrazone derivative 5-oxo-1,2,4-triazine at the amount of 30 μg/kg bw/day, dissolved in a small quantity of ethanol (about 2 ml). The applied dosage was chosen on the basis of previous studies (Sembratowicz et al. 2004; Ognik and Sembratowicz 2009; Ognik and Sembratowicz 2011) . The 5-oxo-1,2,4-triazine was synthesized by the Department of Organic Chemistry of the Medical University of Lublin. The additives were administered to the birds in their drinking water for 28 days starting from the 36 th day of life. The dose of the additives per kg bw/day was determined on the basis of mean values for performance indicators (body weight and daily weight gain) in BUT-9 turkey hens. The experimental additives were administered every morning in drinking troughs with about 1-2 litres of water, which guaranteed that the additives would be consumed, and then clean drinking water was added as needed. A two-week break followed, during which the birds drank water without additives. After the break, the birds again received additives for further 28 days. On days 26, 27, and 28 (61-63 days of life) of administration of additives an experimental factor in the form of stress stimuli was introduced in groups C+stress, A+stress and T+stress for 1 hour each day. The stress stimuli were crowding and changes in temperature and lighting, applied simultaneously. The birds were placed in 85 × 50 × 35 cm plastic containers (crowding) used to transport birds. A maximum of three birds were placed in one container. The containers had holes enabling access to cool fresh air when the birds were moved outdoors (to a place not shielded from wind) in order to induce a rapid change in lighting conditions from artificial light to daylight, as well as a decrease in temperature of about 20-30 °C, as during the study (November-January) the outside air temperature ranged from +5 °C to -10 °C. The treatments were conducted in the daytime, always at the same time of day. The experimental conditions were adjusted to resemble the conditions of the production process, particularly during intensive rearing at large production farms. The same procedure for inducing the stress factor was applied on days 103, 104, and 105 of the life of the turkey hens. On days 63 and 105 of the experiment, from 6:00 to 10:00 h the birds received experimental supplements and feed. Then from 10:00 h to 18:00 h there was an 8-hour fasting period. Fasting is essential before collecting blood from birds. It was not an experimental element (stress). Birds in all groups received no feed for 8 h, but for 7 h before the stress began at 17:00 h they had unlimited access to water. From 17:00 to 18:00 h the stress factor was introduced, immediately after which blood was collected for analysis. th day of life of the turkey hens, blood was collected (by a veterinarian) from the wing vein of 10 birds from each group. Blood samples were taken after 8-hour fasting with free access to drinking water. An aqueous solution of heparin sodium salt at 0.01 ml per 1 ml blood was used to stabilize the blood samples. Haematocrit value (Ht), haemoglobin concentration (Hb), total white blood cell count (WBC) and percentages of white blood cells (leukogram) were determined by standard methods according to Bomski (1989) . The immunological analyses involved determination of phagocytic activity of leukocytes against the Staphylococcus aureus 209P strain, expressed as the percentage of phagocytic cells (% PC) and phagocytic index (PI) (Siwicki et al. 1994 ). The respiratory burst activity of the heterophils was quantified by nitroblue tetrazolium reduction (NBT) to formazan as a measurement of production of oxygen radicals (Park et al. 1968 ). Serum lysozyme activity was determined by the turbidimetric method (Siwicki and Anderson 1993) .
Statistical analyses
The data obtained were analysed using the STATISTICA software package, version 6.0 (StatSoft Corp., Kraków, Poland). Two-way repeated measures ANOVA was applied to assess the effect of the main factors, i.e. stress (S) and additives (D), and their interactions (S×D). When the analysis revealed a significant interaction or that both factors had a significant influence, the differences between individual groups were then analysed using Tukey's multiple range post hoc test. The data were checked for normality before the statistical analysis was performed. Differences were considered significant at P ≤ 0.05. The pooled SEM was calculated as the standard deviation from all measurements divided by their square root. Table 2 indicate that the stress factors applied did not significantly affect red blood cell indices (Hb concentration, Ht value) or total WBC count. However, the stressful stimuli did cause changes in the leukogram. In the stressed groups a slight (P > 0.05) increase in the H/L ratio was observed in comparison to the groups not subjected to stress (Table 3) . The percentage of monocytes and basophils in the stressed birds (but only in the 9 th week of life) was significantly (P ≤ 0.05) elevated compared to the untreated birds (Table 4) . The break in the application of stress (11 th week of life) led to Means in the same column without common superscripts differ significantly at *P ≤ 0.05; ns P > 0.05; (-) stress -without stress; (+) stress -with stress normalization of white blood cell indices. Neither of the additives, i.e. aloe preparation or 5-oxo-1,2,4-triazine, had a significant effect on Hb concentration and Ht value, but they caused a decrease (P ≤ 0.05) in the total WBC count. In the 9 th week of life, in the groups receiving aloe (A) or 5-oxo-1,2,4-triazine derivative (T), a significant (P £ 0.05) decrease was noted in the percentage of monocytes, and in the case of aloe preparation, in the percentage of basophils as well (Table 4) . The results of immunological analyses (Table 5 ) indicate a significant (P ≤ 0.05) suppressive influence of stress factors (in the 15 th week of life) on the activity of lysozyme in the blood serum and the percentage of phagocytic cells (% PC). The respiratory burst activity of heterophils (% NBTpositive cells) in stressed birds was also reduced compared to the untreated birds, but not significantly. Following administration of the aloe preparation, a significant (P ≤ 0.05) increase in lysozyme activity and % PC was recorded. Supplementation with the aloe preparation also contributed to a slight increase in the metabolic activity of heterophils, measured by the NBT-reduction test. In contrast, 5-oxo-1,2,4-triazine had no significant effect on the immunological indices tested.
Results
Data presented in
Discussion
The influence of stress on the functioning of the immune system of birds has not been sufficiently explored. Acute and chronic stresses may have different effects on the immune system. Chronic stress is generally treated as an immunosuppressive agent, possibly due to the direct inhibitory effect of glucocorticoids released in the course of the stress response (De Jong et al. 2001 ). In our study the stress factors applied in the form of crowding and changes in light and temperature caused suppression of some indices of innate immunity in the birds, both cellular (phagocytosis) and humoral (lysozyme activity in blood). These findings are in accordance with a study conducted by Mashaly et al. (2004) , who 368 Table 3 . The effect of aloe preparation and 5-oxo-1,2,4-triazine on heterophils and lymphocytes percentage in stressed and non-stressed turkey hens.
a, b
Means in the same column without common superscripts differ significantly at * P ≤ 0.05; ns P > 0.05; (-) stress -without stress; (+) stress -with stress confirmed the suppressive effect of adrenal steroid hormones on the phagocytic ability of leukocytes. A decrease in blood concentrations of lysozyme in chickens during immobilization stress was observed by Fitko et al. (1992) . After the release of lysosomal structures this enzyme enters plasma and its activity is treated as an indicator of phagocyte turnover. The obtained results showed that supplementation with 5-oxo-1,2,4-triazine did not affect the examined immuninty indicators. In contrast, addition of the aloe preparation significantly stimulated some non-specific immunity indicators. Avian heterophils produce peroxide radicals that are instrumental in directly killing bacteria. Our study revealed that leukocytes of birds which received the aloe preparation produced greater amounts of these radicals, as evidenced by a slight increase in the percentage of heterophils reducing nitroblue tetrazolium. Results obtained by numerous authors (Ognik and Sembratowicz 2007; Akhtar et al. 2012; Ognik and Sembratowicz 2012a) have confirmed the beneficial effect of aloe extracts on the immune response in poultry. The immunostimulatory properties of the aloe preparation may be linked to the presence of acemannan polysaccharides in aloe (Harlev et al. 2012) , as well as the vitamin C included in the formulation, whose role in the immune reaction is well known. Ascorbic acid is necessary for phagocytic reactions to proceed properly, and also stimulates interferon synthesis and lymphocyte proliferation (Ortuño et al. 2001) .
Results obtained by Ajakaiye et al. (2010) indicate that stress factors can affect the morphology of blood. A decrease in the total number of leukocytes, as well as lymphopaenia and granulocytosis, is most often observed. This results in an increase in the H/L ratio, which is an important determinant of stress in birds (Ognik and Sembratowicz 2012b) . Elevation of red blood cell indices, which results from increased erythropoiesis and Table 4 . The effect of aloe preparation and 5-oxo 1,2,4-triazine on the percentage of monocytes, basophils and eosinophils in stressed and not-stressed turkey hens.
Means in the same column without common superscripts differ significantly at * P ≤ 0,05; ns P > 0,05; (-) stress -without stress; (+) stress -with stress . The results of our study revealed that stress did not modify red blood cell indices or the total WBC count. However, exposure to stress significantly increased the percentage of monocytes and basophils. A slight elevation of the H/L ratio in the stressed birds was also noted, which indicates the probable occurrence of stress, as also evidenced by the observed immunosuppression. Supplementation with the aloe preparation led to normalization of monocytes and basophils in the stressed birds. Application of the aloe preparation also resulted in a considerable increase in the percentage of heterophils, which confirms the immunostimulating properties of the components of the additive, as these cells play a key role in phagocytic reactions.
In conclusion, the results of this experiment demonstrate that the sudden change in temperature and light or excessive crowding of the turkey hens caused immunosupression and modified white blood cell indices. To alleviate the negative effect of stress, supplementation of diets with aloe extract to which resveratrol and vitamin C have been added may be considered. Table 5 . The effect of aloe preparation and 5-oxo 1,2,4-triazine on % phagocytic cells, phagocytic index, NBT-positive heterophils and lysozyme activity in stressed and non-stressed turkey hens.
Means in the same column without common superscripts differ significantly at * P ≤ 0.05; ns P > 0.05; (-) stress -without stress; (+) stress -with stress; 
